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OBJECT

To investigate thti effect of projectile nose hardness urxon penetration perfor.ance.

SUIHARY

Prujectile penetration rerformance was investigated as a functiemi of projectile

nose hardness. Th. 20 mu model of the 90 mm AP 11318 (T33) monobloc steel anot was

tested for four different Rockwell C hardnesses (63 to 64. 61 to 62, 56 and 49). These

hardnesses were obtained by tempering at 250°, 350°, 550°, and 8W' F, .epc'v-ly.

Targets investigated included; 3/4 inch (0.95 caliber) plate at 55* and 60* obliquities,

7/8 inch (1.11 caliber) plate at 20°. 30° and S5S obliquities and 1 1/8 inch (1.43

caliber) plat- at 20* and 30* obliquities. Protection ballistic limits of each one of

these homogeneous armor targets were compared for the four shot hardnesses.

For shattering projectiles in the hardness range of 56 to 64 Rockwell C there were

no significant differences among the various ballistic limits. The main effect of

hardness was to alter the velocity at which shatter occurred, which made softer shot

less effective against certain targets. Hard shot provided a low and a high ballistic

limit for certai, low obliquity target. whereas soft shot provided onT th-. hIe'• hal-

listic limit. The softer intact shot in the 56 to 64 ic range were slightly inferior

to the hardest intact shot presumably because the softer shot deformed more and re-

quired more energy to defeat the same targets. Shot as soft as 49 Rockwell C generally

were quite inferior to the harder shot against overmatching targets at low and high

obliquiti: - Shot hardness was more critical for overmatching low obliquity targ~ts

than for matching high obliquity tar.:-ts.

AUTHORIZATION
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I NTROOUCTI ON

Since World War I1, conventional a.-mor piercing shot developed for attack of tank

armor have Kenerally been as hard as fesssimably possible (60 to 64 RP). Shot of hie,

ha.-•hicss ate more resistant to deformation aiti shatter than soft shot and Fetter for

the defeat of overmatching armor plate at low and intermediate obliquities. However.
some of the -tirrent tank tiigets, which consist of matching and amdermatching armor ot
high (55' to 700) obliquities, have on occasion been defeated Ps easily a.-i someitimes

even morc easily with soft (55 Rc) shot than with ',cry hard shot. For these canefitionr.
n; uttack it is more desirable for the iot to deform and shatier early its the pes?,L-tv-

tior, process than to remain intact and tend to ricochet. By shattering. the shot ptonrF

through the armor and eject plugs. In orcder to investigate this situation more th.'.

outhly, the subjec'. firings were conducted.

MATFRIALS AND METHODS

Projectile Type and Compositior'

The 20 mm model of the 90 ties monobloc AP M318 (T33) shot was used in tbrse firings.

A picture and drawing of this shot are included in Figures I and 2. All shot (Lot 2165)
were machined from 13/16 inch diameter bar s:ock of one heat of manganese molybdentm
(QwWto, Fed Spec 57-107-33) steel. Each shot weighed approximately 1800 grains. The

composition is listed in Table I.

Neg. OZ4423-1
R-1177

Figure 1. 20 rnm r-sodei z'_ 90 ;r.r' AP M318 (T33) shot
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a' Table 1. Per Cent Composition

C Mn so P 5 S" N1 Cr V

0.74 o.9U 1.04 0.02 0.04 0.33 0.05 0.15 0.02

Heat Treasmunt

All r.hot werc aus;,!nitized In salt at 1550' F and quenched into brine. kftpr

dividing them into four groups, one group wan tempered at 2500 F, one a: 3500 F, one at

550* F and one at 8000 F. All shot were then bAse tempered by in,,-..tion. Theze trtat-

menti produced tcepered mortensitic structures. Ki, rdnrsu patterns for the various ter.-

pering temperatures are included If. Figure 3.

Plaie

All firings wele conducted against rolled homogeneous armor. The various rate
thicknesses, hardnesses and obliquities are included in summary Trble 11. Plates of

different hardoesses were chosan for the 3/4 Inch- and 7/8 inch-plate firings at high

obliquity to investigate the effect of shot hardness more thoroughly.

Firing

A 2U mm Mann type barrel chambe-ed for the T20 (.60/20 mm) cise was used for all
firings. Fo- v'locities in excess of 3000 frs a special '.hamber extension -as screwed

onto the above ba:;el to acconmodate a two piece, double length case. The d&stnrrie

from the muzzle to the plate was 215 feet. Velocities were mea2ured on counter chrono-

graphx ectucte by three pairs of solenoids, the base line centers of which were 32, 87
and 132 feet uom the plate. Th.ee pai•s of solenoids were used i,, order to correct

the measured ve-'v-ities to actual striking veluwit;es.

Evaluation

P-otection ballistic limits were us'd as a criterion for coaparinV' the p netroxion
performance oi the vsr'u.Is shot group-. Most of th- li,;t$ were obtsil-d by averaging
the veIo'ities of the bi2hcat partial and lowest cont7lete penetrations of each group of

firings. For firings where a %on, of mixed partial .md complete penetrations occurred

the 'tllistic lw;It was obtained by svtersging the i'r:i;ties ir the zone. Lismite,| fir-
Inrj were cu,-d-'cted for some test conditiens so t-.' .-'re conditi-wss could be

CON7IDENMIAL
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Neg. *L44.:3-3

250-7 3ý0-~ I 9-F A

63.. 6.. ,.56.0 ,b.,
ii6,.!: 6! .¶ 56.3 1.1.8

63.8 61.7 56.0 h9.0

63.9 63-3 5,.0 L.OA-

63.,8 051* 55.9 LP..8/-

63.9 61.P ,..' 11d.P /

63.8 61.5 55.8 V.8.8

63.8 61.5 56.%. L9.?

63.5 61-. 56.V. L9.0 *0

63.o 61.2 56.0 L.9.0

62.J 61.5 56.0 49.0

63.1 61.7 56.0 W-9.0

62., P 56.o h2.9 ,

63.3 60.5 55-0 L9.-0

62.0 61.(% 56.2 29.?

67.P 61.0 C6.0 Lb.8 ,

61.3 61.0 56.1 29.?

59.9 60.2 56.0 49.n

56.0 '9.0 56. b9.?

55.8 57.3 56.1 49.?

53.1 5L.9 55.0 2.9.2

52,: .2.1 53.0 2.8.9 K
50.? 50.9 50.1 LM.7.

WT.0 L69.0 L.0 Lo6.?

U.. Cl 7,3 47.2 1.14.0

Figure 3. Rockwe.l C hardness patterns pit c+rier of that for -,arious
tempering temperat'. ..-
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investigated. For the majority of ballistic xiimrts the velocity rilffe-- ý%tw

the highest partial and the lewcst complete penetrat~ons was less the:- 56 fee~t per

second. All projectiles were recovered in plywoodA end were exenined fo- the extent 'ýf

defotmation and fýhr A i.-;- . -- ýh _CIVýý P~V~ for each round is

included in the Appendix.

RESULTS and DISCUSSION

Table 11 sumsmarizes the prntection ballistic limits ior c.-ch pr, ectile !ivndness

group and for each target condition investigated. The condition of the re'ýrverrl p-)

jectile at each ballistic limit velocity is also included. Fi-gu. es 4 to 10, inclusive,

represent plots of all rounds fired for the four tempe-ing temperatures as a function

of striking velocity. The protection ballistic limit for each target conditicon i, in-

dicated between the partial taý,u complete penettation velucitie3 --lonig with the condition

(intact or sh~ttered) ef aeah recovered shoct.

it may be noted thvt for shattered shot, generally, there were no significant

differences in ballistic limiti for sho' in the hardness range of 56 to 64 Rockwell C.

Some of the results seem to indicate that the softer shot were slightly silperioa trc tie
hardest shot for conditions where both shattered jin defeating the plate. For the 3/4
inch (0.95 caliber) plate firings the softest (49 R01 stint were prmctically as efficient

as the hoardest (6J to 64 kc) shot. Since conventional shot shatter in defeating high
obliquity matc~hing~ and slightly undermatcsling plates which usually fail by means of
punching or pluggint,. these targets are not particulrnrly sensitive to shot contour and
hardness. However, for the thicker, overmatching plates at high and low obliquities,

the softest shot wert much inferior to the harder ones. Fujrthermore, ballistic limits

obtained with intact soft shot were slightly higher than those obtained with intact

hard shot because the softer ones presumably deformed more and required more velocity

end energy to defeat the sume t,'argets. To defeat the,.e targets the shot must push the
plate material as' during most of the penetration.

The diffetences among the balli~ztic limits of the harder 3/4- and 7/8-inch plates

fit 6O* and 550 obliquities generally were no greater for the various nose hardnesses

thar, tho-- ,)f plates of lower her$,4esat. Fujrthermore, the lijj.. .- ,. h'4rd .34-irihn

plate at 610 obliquity were pro- . cdlv equal to those of the softer 31sate at 550

becausc punichinga or plUgs were ejected more easily from th., hard plate tha.n from the

softer plate. Ordinarily, for plates of the same thicknegs -nd hardness, 60-0' L11,uity

targets err more dl~ficult to defeat with conventionsý &' A than 550 i..gets.

6
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Shatter G1p

It may he noted in Table 11 and Figures 7 8 ond 10) that two ballistic limits,

one with intact and one with shattered %hot. were obtoirerl ...- s5ome .,i the overmatcilinr

low rhtiqt:ity tirings. 7n these cases a shasLu, gap result-• *n which ph ste p"r•s-

tion coti,! 1w bhtaoiied above ,-"] below but no' within a certain velocity interval.

Perforation below this velocity range was obtained with iitart Shot nsd .ý.. the rl:'re

with shattered shot. Within the rasuge the shot shattered ant! d:.i not have enough

energy to perforate the plate.

Shatter Caps were not observed for the herder (61 to 64 Rc) slot fire, '.i'st

7,1! ir-7h (1.11 odlibri) pisie at 20- oobiquity but a shatter .1ap was ohservei ;or the

softer (SO6 Re) vh-t The f 49 oRc4 , il.s. di.., di" stua demonsstrate a Shatter Cap

and only provided the high ballistic limit. This performance was in marked co.srra:t

to *.., beha%-or with t,!e I , etr shot which iid not exhibit a Ashattei gap :)ecause it was

able to remain effective in drfs'ativ. t'Ce *nrget at all veloci_..t-s ai-. !,-

!ow !imit. In addition, against 7,'-inch plate at 30* obliquity and I 1/9-inch plate

at 20*obliquity, only the hardet shot could perforate both in an intact arid a shattered

condition. whereas the softer shot could perforate on'v in a shattered condition. This

shows that shot hardness is critical for the overmatching low obliquity targets. Also.

conventional monobloc shot should not be softer thar approximately 55 Rockwell C in

order to be able to defeat overmtching targets simil,-r to those of this investigationM.

CONCLUS I ONS

1. When all conventional s.!ot remain intact or when all shot shatter in defeating

a target, there is little difference in their penetration perform.sace due to shot haard-

ness iii the range of Rockwell C 56 to 64 The main effect of he.dvses is to alter the

velocity at which shatter oc.ruri, wt-.h may make sJ.'rer shot eas effective against

scoe targets.

2. Hard shot pro iý,e a l,.w &,Mi a It. b ,a ýiittic limit for certas, low obi quity

target,, whereas soft shot provide exsly the high ballistic limit.

J. !,;kot alaproximate!y . -oft on Rockwell C SO genrerally are inferior to harler

4. Soft saot . revvininig ittact du-ing per-t tati--., ac.4.aare slightly w-re r erg"

to dleda, a target than harder shot whtih r~mon-a" iota.- andl deform less.

5. Shot h•1rhesl 1S More CtritiCAiR tof vvCwtal -C 1 w P11liqUsity pa.tV targets

then • fjr -•otching hisah obJtq•ity plate targets.

14
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FUTURE WORK

Additional t-qts are being planned to investisat, the effect .,f shot nose hardness

on penetration performance against thinner. umd..rmatching plate. Investigations also
will be conducted to determine further the effect 'f steel .,rspositie'n and microstruc-

ture upor, shot penetration parforwwiee. The results rf these tests at the 20 .",,-•e
will be compared with tl'ose obtained at full sacle.

Is

CONFIDPIrMLA



CONFIDENTIAL

WPENDI x

CONFIDENTIAL



CONFIDENTIAL

ABBREVIATIOE$ AND NOTES USED IN FIRING TAII.ES

PP - Partint penetratinn

CPýA) - Complete pene.tratinn Arn-,/ criterions

CP(P) - Complete penetration - Protection criteilono

CP(NI) - Complete penetration Navy criterion, siot inhhcte
CP(NF) Complete penc.tration - Navy criterion. shot frncturedo
LP(NS) - Coiplcte penetration - Navy criterttmi, sipi bhlntteCd(

SI1 - Small bulge

M .B Medium bulge

LB Large bulge

Cit CrArk

NCk No :rack

PO Plug out

POS Plug out started

8S Back spall

OFS Back spall started

BP Back petals

FP Face petals
NI* . Nose intact

BI*0 - Pase intact

Sh - Shatter

Fr - Fracture

LS - Local shear

PIP - Base (projectile) in plate
BNR - Base (projectile) not recovered

QCk - Shot cracked during quenchiing

SI - Shot intact
ý.Ip - Shot intact in plate

NIIP - Nse intact In pl~tp

VSB 'ery small bulge

NShIP - Nose shatter in plate

"Isefined according to OSdoesne Department Baillatia No. t4-U.

":rectioe flowaing MI indicate approxumate ratio of a., so ragmnat to totes i.ngti, of hkt býI y.

"?"actions -oalowing Of indicate approximate ratiu of I--" fragment to te"vi isaaz of shot ttý..y.
Approxiate value rto- protection ballistic limit.

b bsgcketin:- veloclties neal to obtain p. zetion bot|;etic limit.

c Velocities In tons of mixed results averaged to o' .,4. p4v:tion ballistic limlt.

d Plate ecic -setot is inches.

19
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FIRING RECORD

1. Firm, with 20 mm.' A? T33 Shot (T.ot 1165) against -ich

Thick Homogeneous Armor at 60' Q iquity

Strikingl Penetration Results

Velocity Plate Shot Sop

A. 2500 F Temper vs Plate No. 70 (352 to 356 Bbn)

3190 CP(NS)-PO 81 2/5-Sh-Fr-LS5 (2.0 x 1.i)

3098 CP(A8&P)-PO BI l/4-Sb-Fr-L-S (1.8 x 1.1)

ig50b CP(AWP)-PO BI l/4-Sh-Fr-LS (1.9 x 1.1)

2373b M, -SB-NtCk B3 1/4-bdi-k'r-iL. I2.1 x l,

MIL n. 29!5 ;,Ps

B. 350' F Temper vs Pla-e No. 70 (35.2 to 356 Bbn)

3175 CP(A&P)-PO 81 1,'4-Sh-Fr-LS (2.2 x 1.1)

3104c CP(A&P)-PO BI 1/4-9h-Fr-IS (2.0 x 1.3)

3U28C PP-MB-1C BI 1/5-Sb-Fr-IS (2.0 x L.i)

2984c PP-LBOCk BI !.'5-Sh-Fr-LS (2.1 x 1.1)

2978c a'(A&P)-PO HI 1/5-Sh-Fr-LS (1 8 1.1)

2782 PP-LB-dC HI 1/4-Sh-Fr-yv (1l.2 w 0.9)

PBL 3025 f ps

C. 550* F Temper vs Plate No. 70 (352 to 356 Bbn)

2949 CI'(A&P)-PO Sb-Fr-LS (2.1 x 1.2)

284b (P(AbP)-IP) Sb-Fr-IS (1.9 x 1.1)

2745b PP-SB-NdC Hi -1/4-Sh-Fr-IS (2.q -. 1.0)

2720 -?-SB-N~ BI 1/4-Sh-Fv-iS (:!.0 x il

2715 PP-SB-lCk Sb-a- -iS (1.9 x 1.0)

S2790 fps

D. 800* F 'Ieffr;- vs Plate No. 70 (352z to 356 B9mi)

3115 CP(AWP)-P HI 1/3-Sh-lS (2.1 x 1.0)

3045 d', AhP) -PO BI 1/3 Sh-US '12.1 x 1.0)

3016b (Y(AWP)-I0 HI 1/3-Sb-VP (2.1 v 11,)

2972b PP-B-?"1 HI ^/5-Sh-IS (2.2 x 1,0)

2930 PP-M-W3:C Hi 2/5-Sh-iS (7.0 x 1.0)

FaL =2995 fps

20
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11. Firing with 20 1.- Shct (Lot 2165) against 3,4-indi

Thick Homogeneous Armor at 55 Obliquity

Striking Per..?fration Resu, -

Velocity Plate Shot Scooptd

A. 250' F Temper vs Plate No. 38 (293 to 302 Bhn)

ilib •W(A&P)-PU BI 1/4-Sh-Fr-LS (1 w.

2985b PP-LB-Ck ii i2.4-Sh-Fr-L0 (2 ' _ 1 )

2975b ap(ms.)-PO BIP-Sh-LS (1.7 x 1.2)
)1an PP-LM-Pos BI 1/3-Sh-Fr-IS (1.9 x 1.0)

2870 PP-LB-~k M-RSh-Fr-LS (1.9 x 1.1)

A!• ,-/3-S.-LS (1.9 x 1.2)

PBL - 2980 fps

B. 3500 F Temper vs Plate No. 38 (293 to 302 Bhn)

2980 CP(A)-POS BI 2/3-Sh-Fr-IS (2.5 x 1.1)

P2W) -P-LB-Ck BI 1/4-Sh-Fr-T-S (2.0 x 1.3)

PH.L > 2980 fps

C. 550° F Temper vs Plate No. 38 (293 to 302 Bhn)

3040 CP(ASP)-PO BIP-Sh-IS (7.0 x 1.0)

2985") CP(A&P)-PO Sh-Fr-LS (1.9 x 1.2)

294Ob PP-L3-POS Sh-Fr-LS (2.0 x 1.3)

2895 CP(A)-POS B! 1/3-Sh-Fr-LS (1.9 x 1.3)

PBM • 2965 fi.s

D. 8000 F Te.,,-r -!s Plate No. 38 (293 to 302 Bhn)

Y.96 CP(A&P)-PO BT 1/3-Sh-LS (2.1 x 1.1)

3038b cP(A.-' -"0 BIP-Sh-LS (1.9 x i.0)

1,. -MM Ei !,/3-Sh-T. (1.9 x 1.1)

2970 PP-Il-rIjC HI 1,3-Sh-LS (2.2 x 1.2)

PH1L - 3020 fpa

21
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III. Firing with 20 nvn AP T33 Shot (LUt 2165, against 7/8-inch

Thick Honmogeneous Armor at SS Obliquitv

Striking ecueu.r'it•n Rbuli s
Velocity PlatŽ ff, 't Scoopd

A. 2500 F Temper vs Plate No 29 (429 B),n)

3442 CP(A&P)-BS BI i.'4-Sh-Fr-LS (1.8 x 1.4)

3362b CP(A&P)-PO Sh-Fr-LS (1.7 x 1.2)

3353b PP-LB-BSS Sh-Fr-IS (1.8 x 1.3)

3160 PP-SB-NCk Sh-Fr-LS (2.5 x 1.2),

PBL - 3355 fps

B. 350' F Temper vs Plate No. 29 (429 Bhb-

3390 CP(A&P)-PO Sh-Fr-LS (1.6 x 1.-)

3315b CP(A&P)-PO Sh-Fr-LS (1.5 x 1 ")

3282b PP-LB-POS BY 1/5-Sh-Fr-LS (1.6 x 1.3)
3185 PP-LB-Ck Sh-Fr-L3 (1.7 x 1.2)

PBL * 3300 fps

C. 5500 F Temper vs Plate No. 29 (429 Bhn)

3305b CP(A&P)-PO Sh-Fc-LS (1.5 x 1.3)

3250b CP(A)-POS Sh-Fr-LS (1.6 x 1.3)

3166 PP-LB-Ck Sh-Fr-LS (1.6 x 1.1)
2900 PP-SB-NCk Sh-Fr-LS (1.4 x 1.1)

r'bL - 3275 fps

rt. e')0 F Tmptes vs Plate No. 29 (429 Hhn)

36M8 Oa(A&P)-BS BY 1,'3-Sh-LS (1.8 x 1.2)
3635b CP(AP)--:- BI 1/3-Sh-LS (1.8 x 1.3)

3600b rp-p -BW , 551-Fi -LS (1.8 x 1.3)

350Z PP-M8-1C BY 1/3-Sh-LS .1 F x 1.2)

3280 IP-SB-NCk BI 1/3-Si--Fr-i.S (1.5 x 1.2)

PBL - 362n fps

22

CONFIDENTIAL



Ck..% DENTIAL

IV. Firing v. tt 20 r~si AP '33 Slw't (L4et 2165)~ against 7/8- iAf

Thick Homoveneous Armor at 30' Obliquitv

Velocity Plate Shot Sop

A. 250' F I~mper vs Plate No. 49 (293 to 302 Bhni)

2833 CP(NS)-PO HI 1/4-Sh-LS (1.5 w .5

2737 CP(NS)-PO sh-LS 10.6 x 1.3)

2687 C.-( NF ) - Hf I 1/3 Fr (1.7, x 1.1)

2679c CP(R)-PO Sit-Fr-IS (1.5 b 1.2)

2676c C1P(AbP)-FO Sh-Fr-LS (1.5 x 1.4)

2670c CP(A&P) BI I/4-Sh-Fr-L-S (1.4 -'1.4)

U2bbc FP-PORs S3.-11-Is .i.5 x1.3)

2000 MN %P ST(151.)

2590 P(NF~)-PO NY 2/3-BI 1/'Z Fi (1.f x 1.2)

2443 CP(NF)-PO B! 1/3-Fr 01." 1.2)

2205b CP(A&P)-PO BY 1/3-Fr (l.R x 1.2)

213~0b PP-LB-Ck BI 3/5-Fr (2 x 1.1)

2097 WP-LB-Ck SI (2 x 1.2)

PHI. 2165 (Fr); -2670 (Sli,

B 1. 350" F Temper vs Plate No. 49 (292 to 302 Bhn)

2682 Q'(4&)-PO Sh-Fr-IS-BT7' (1.7 x 1.4)

2663b CP(A&P)-PO Sb-Fr -IS (1.5 x 1.4)

2615b I'P-LB-ROS Sh-Fr-LS (1.7 x 1.3)

2610 PP-LB-Ck BI 1/3-Sh-Fr-LS (1.71x 1.3)
2540 CP(NI)-PO SI (1.8 x 1.3)

2333 CP(Tf)-O N7. 2/3-Fr (1.8 y 1.2)

2302b CP(NF)-PO N! 2/3-BI 1/3-Fr (1.9 x 1.2)

2215b PP-LB3-Ck S! (2.2 x 1.41)

2172 PP-LB-Ck SI-C-k (2.0 x 1.2)

PX. t 2260 (1); - 2640 (Sb)

C. 55'- . Temper vs Plate No. 40 (293 to 302 Bhn)

'2688 C1'(A&P)-PO BI 1 '3-Sh-Fr-LS (1.6 x 1.4)

2660b CP(*,&)-P B!~~3~-:I (1.6 a 1.3')

2514b PP-LB-dC BM-.-h-S 11.5 x 1.4)

2551 PP-LB dC BY 1 I-Sh-F~-LS (1.4 x 1.4)
?'233 PP-SB-NCkc Sh~ IY 1ý (1.5 x 1.3)

PBH - 2635 it-
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IV. Firing with 20 smm AP T33 Shot ;Lot 2165) against 7, 9-ich

Thick Homogeneo-w; Armor at 30' Obliquity (Cont d)

'3trjkiný Penetration Resuits
Velocity Plate ShotScr

D. 8C00' F Temper vs Plate No. 50 (302 to 311 Bthu)

2779 C'P(A&P)-P- BI 1/13-Sh-Fr-LJS !".I x 1.5)
2749L) CP(A&P)-PO BI 2/5-Sh-Fr-LS (1.6 x 1.4)
2726b CP(A)-POS BI 1/3-Sh-Fr-LS (1.5 x 1.4)

26hti PP-LB-Ck BI 2/5-Sh-Ft-LS 1.4 x 1.4)

2597 PP-LB-NCk BI ?'5-Sh-Fr-LS (1.5 x 1.4)

PR-. - 2740 fps

V. Firing with 20 mmn AP T33 Shot (L<ot 2165) against 7/8-inch

Homogeneous Armor at 20' Obliqzdizy

A. 250* F Temper vs Plate No. 49 (293 to 302 Bhn)

2835 a(NF)-PO BI 1,13-Fr (1.3 x 1.2)

2644 CP(NF',-PO BI 1/3-Fr (1.3 x 1.2)
!..1O CP(NI)-Bp SI-Ck (1.4 x 1.1)

2224 t7(NI)-PO SI (1.4 x 1.1)

202S CP(A&P)-PO BI 1/3-Fr (1.2 x 1.1)

19552b CP(A&P)-PO Slip (1.3 x 1.1)

1905b LP(A)-POS SI (1.3 x 1.1)

1865 PP-LB-Ck SI (1.3 x 1.2)

1860 PP-LB-Ck SI (1.3 x 1.1)

PBL *1930 fps

B. 35L,* F Termer vsr iliate No. 50 (302 to 311 Bhn)

2700 CP(A&P)-BS SI (1.4 - 1.2)

2453 (I'aF)-BS BI 1/4 -Fr (1.3 x 1.2)

'A,120 LI'(N)-88 NI 2/3 -1! 1/3-Fr (I.. A~ 1.0)
2087b OT.(Ni)-BS SI ".3 x 1.2)
202fit: CP(A)-.PC1 NI 2/3 BI 1/5~ Fr (1.3 . 1.0)

1943 C!I(A)-P0S ZA(1.3 x 1.2)

PU. * 2055 fps
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V. Firing with 20 rmm AP' T33 Shont (Lot 2165) agains~t78 h

Wwmogenoous Armor at 200 ObliquitY (C~nt'd)

Striking Penetration Results ScoOPd

VelocitY Plate Shot

C.55L00 F Temper vs Plate NO. .9 (293 tv 302 Bhn))

267cp(W.)P0 BI 1/3-Sb-Fr-IS (I~x 1.-4)

2560h P(0-~ Sh-Fr-I-S(15x.3

2470b cy(A)-PW at 1/3.sh-Fr-LS 17x12

2263 PP-LB-Ck NIi 1/3-BI '/4- ',_ (1.7 x 1.3)

222 ((NI)-PO SI-Ck (15x 1.1)

222S C(&P4 NIIP-8T 1/3-Fr (15x1.2)

21576bI ~- LB -kV NI 2/3-BI 1/3-Fr (1.6 x12

215PU1~ ~NI 2,11-11 1/3-Fr (I x 1.1)

20385 t?(A).LB-Ck SI 15x12

P13L 21RS (1): 1 2515 (Sb)

D. J3000 F Temper vs Plate No. 50 (302 to 311 Bhul)

2658 CP(NS)-PO BI 2/5-Sb-Fr-I.S (1 6 x 1.3)

2628b CP(A&P)-PO BI 2/5-Sh-Fr-LS (1.6 x 1.3)

2518b PP-LB-Ck 8I 2/S-Sb-Fr -IS (1.5 x 1.4)

2516 PP-LB-Ck BI 2/S.Sh-Fr-LS (1.5 x 1.3)

1969 PP-VSBNCk HI 2/5-Sh-Fr-LS (1.3 x 1.2)

1948 PP-ySB-ICk BI 2/S-Sh-Fr-LS (1.3 x 1.3)

PH- 2010 fps

VI. Firing with 20 swn AP T13 Shot 'Lot 216S) against 1 1/8-inCh

I1oargneog~us Armor at 3r, obliquity

A. 250* F T-.1 -1 Flate INo. 16 (321 to 331 Uhn)

3170 CP(NS)-PO N~hIP-1.S (1.6 x 1.8)

1361b CP(mA.)PfO WhbIP-11.S (1.8 x 1.7)

pp-L!! C' 8 1/3-Sh-Fr -1.5 (1.8 x 1.7)

PP -UI -NCk sh-Fr-1.s (1.7 x 1.7)

26P -Ua-ck KI !,3-Sh-Fr-I-S 0I.% x 1.5)

2615 M'-tI-MCI( Sh-!? LS (1.5 x 1.5)

2490 PP-SB-NCI( HI 2:5-Fr (2.4 x 1.3)

P13L -33; wp.
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VT. Firing with 20 nm AP T33 Siint (Lot 2165) nEinst I 1/8-inch

Homngeneous Armor at 30' Obliquity (Cont'd)

Striking Penet "rtion Reuul:s
Veloci t, P.ate S, Sc oo.,I

B. .,50* F Temper vs Plate No. 16 (321 ,o 331 Brn)

3405 cP(NS)-PO BI 1,'4-Sh-Fr-LS (1.5 x 1.6)

3349b CP(NS)-PO Sh-Fr-LS (I.: x 1.8)
32871 CP(A)-POS Sh-Fr-LS (1.8 x 1.7)

3260 PP-LB-NCk Sh-Fr-LS (1.6 x 1.7)

PH. - 3320 fps

C. 5S0* F Temper vs Plate No. 15 (321 to 331 Bhn)

3375 Cr~h:.)-Fý NShI'-Fr-LS (1.6 x 1.7)

327Ah CP(NS)-P) NShlP-F--LS ( ? !. '1)

3248L, PP-LB-Ck Sh Fr-LS (1.7 x 1.6)
3210 PV'-LB-Ck BI 2/5-Sh-Fr-LS (1.8 x I.E"

eBL - 3260 fps

D. 8000 F Temper vs Plate No. 15 (321 to 331 Bhn)

3563 CP(A)-POS BI 1/3-ShiP (1.7 x 1.61

3498 PP-LB Lxk BI 1/3-ShIP (1.8 x I./)

PBM > 3565 fps

VII. Firing with 20 mm AP T33 Shot (Lot 2165) against I 1/8-inch

Homogeneous Armor at 200 Obliquity

A. 250* F Temper vs FIate No. 16 (.M21 to 331 Bhn)

3168 CP(NS)-PO BI 1/3-Sh-Fr-LS (1.7 x 1.7)

3096 PP-LB-Clk H1 1/3 S'- Yr-LS (1.7 a 1.5)
3073b CP(NS'-rt) BI 1/3-Sh-Fr-LS (1.6 x 1.5)

3020b PP-LB-RPS S:i-Fr -IS (1.7 x 1.7)
2913 PP-Uj-Ck BI 1/4-Sh-tr-LS (1.7 x 1.5)

2498 CP(A&P)-RC HI 1/4-S'-F'-LC 0I 3 v 1.3)
2412h CP(A&P)-P) NI 2'3-0B 1 3-.-. (1.6 a 1.2)

2403b PP-LU-Ck NI 3/b-BI 2 ,-Fr (1.6 a . 2)

2344 PP-L-Ck SI (1.5 x 1.2)

PUL - 24WS (1); - ,01' (R;
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VII. Firing with 20 nn AP T33 Shot (1.ot 216S) against I1 i'l-inch

Homogeneous Armor at 20* Obliquit) (Cont '.)

Striking Pený,tratinn V.esucs
veloci ty P'late Shot Scoopd

B. 3500 F Temper vs Plate No. 15 (21 to 331 Bhn)

3321 CP(A&P)-PO BI 2/3-Sh-Fr-LS (1 6 x 1.6)
3259b CP(NS).PO BI 1/3-Sh-Fr-LS (1.6 x 1.6)

3191b PP-LB-POS BI 1/4-ShIP (1.6 x 1.6)

2996 PP-LB-Ck iui 1/4-ShIP (1.6 x 1.7)
2606 cCPA&P)-PO STiP t' 4 *I7N

2528b CP(A&P)-PO Slip (1.4 x 1.3)
2487b CP(A)-POS Slip (i_ x 1.3)
2388 L~fjpsSICk (1.4 x 1.1)

PE. - 2505 (1); -321.5 (Sh)

C. 550* F Temper vs Plate No. 16 (321 to 331 Bhn)

3084 CP(NS).PO BI 1/3-Sh-Fr-LS (1.7 x 1,6)

3080 CP(!N)-PO BI 1/3-Sh-Fr-LS (1.7 x 1.6)
3020b CP(A&P)-PO BI 1/2-Sh-Fr .L. (1.7 x 1.5)
2977b PP-LB-Ck BI1 ,'3-Sh Fr LS (1.6 5 5

2910 PP-LB-N~C Sh-Fr-LS (1.7 x 1.5)
2390 PP-SB-_Cck BI 1/2-Sh-Fr-LS (1.5 x 1.3)
2170 PP-VSB-NCk BI 1/1 S1,.Fr-IS (1.7 x 1.2)

PU. 3000 fps

D. 8000 F Tempe, vs Plate No. 15 (321 to 331 Fthn)

3605 LV(A) -US HI 1, 3-Sh-LS (1.8 x 1

3589 CPaPs)-. S".- zz (1.7 x 1.6)

3538r- CP( A) -PS Sh-LS (1.8 x 1.7)

35t.3c CP(A&J')-B HIT 1,'3-Sh-LS (1.7 x 1.7)

J139 P(A).-O- BI I 1 -S!4-LS (31.8 ea 1.5)

34 f.',c CP,,Aba) LIS hlI1 3-Sh-1.S (1.8 a 1.7)

3 10PP - EX-POS H T 13 Sh.LS 01.7 a 1.6)

.3205 13P-1.3-1,0 8I 1 JSh is (1.7 x 1.7)
30eK) .1fl -IzP1 M 1/j Sh-LS (1 7 x 1.7)

3490 fo%
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